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Abstract of JP1 03301 30 

PROBLEM TO BE SOLVED: To efficiently 
process the lower tip of a preform into a good 
spindle form by fusing a lower part of an 
optical fiber preform to an upper part of a 
dummy sphere, pulling the fused material, 
forming a spindle part in the fused part, then 
mechanically rotating both or either one 
thereof so as to produce a difference in extent 
of rotation in the preform and the sphere and 
simultaneously pulling a part between both 
parts. SOLUTION: A dummy sphere 100 is 
pulled upward and brought near to a lower part 
of an optical fiber preform 101 under rotating 
of the same extent of rotation of both, heated 
and softened with a burner 102. After both are 
brought into contact, the lifting of the sphere 

100 is stopped while maintaining the rotation 
of the sphere 100 constant and then slowly 
lowered to pull a part between both and form a 
spindle part in the tip 101 A of the lower part of 
the preform 101 . The torque of the sphere 100 
is suppressed for the torque of the preform 

101 to apply a force in the prescribed direction 
of reverse rotation to the sphere 100 to form a 
twisted part between the tip side of the lower 
part of the preform 101 and the tip side of the 
upper part of the sphere 100, which is then 
lowered to twist off the dummy sphere 100 in 
the constricted part below the spindle part. 
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(3) Method for making optical fiber preforms. 

(s?) A plurality of elongated refractory bodies are 
laminated together by placing the bodies in 
close adjacency, exposing the adjacent bodies 
to a plasma torch heat source, and moving the 
bodies longitudinal past the torch at a nonzero 
average rate which includes a reciprocating 
(e.g. .oscillatory) component to longitudinally 
spread the zone of heating. Where the bodies 
are a rod to be laminated within a hollow tube, it 
is advantageous to reduce the air pressure 
between the rod and tube, thereby eliminating 
potential contaminants and, at the same time, 
biasing the tube to collapse against the rod. 
This method is particularly useful in laminating 
overciadding tubes to core rods to form optical 
fiber preforms. 
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Field of the Invention 

This invention relates to the fabrication of lamin- 
ated refractory bodies such as, for example, optical 
fiber preforms. 

Background of the Invention 

While potentially useful in a wide variety of appli- 
cations, the present invention evolved in the field of 
optical fiber fabrication. Optical fibers are thin 
strands of glass capable of transmitting an optical 
signal containing a large amount of information over 
long distances with very low loss. Optical fibers are 
typically manufactured by constructing an optical fib- 
er preform of appropriate composition and drawing 
fiber from the preform. 

A typical preform is in the form of a concentric 
glass rod having a length of about one meter and an 
outer diameter of 20-200 mm. The inner core of the 
rod is a high purity, low loss glass such as germanium 
silicate glass having a diameter of about 1-5 mm. The 
concentric outer cylinder, referred to as cladding, is a 
layer of glass with a lower index of refraction than the 
inner core. 

In conventional manufacture of an optical fiber 
preform, the core is manufactured as a solid doped 
silica glass rod within the cladding. An outer jacket of 
silicate glass, referred to as the overcladding, is then 
added around the rod in order to provide the desired 
geometry for fiber draw. Specifically, the rod is 
placed within the overcladding tube, and the rod and 
overcladding are laminated to form a fiber optic pre- 
form by heating the assembly with an oxyhydrogen 
torch. 

A difficulty with this process is that the lamination 
introduces in the outer periphery of the overcladding 
OH impurities which can be deleterious to a drawn fib- 
er. As a consequence it is typically necessary to etch 
away the outer 0.5 mm of the preform with a plasma 
torch to eliminate the surface contaminated by the 
oxyhydrogen torch. Accordingly, there is a need for an 
improved method and apparatus for laminating over- 
cladding and core rod in fiber optic preforms. 

Summary of the Invention 

A plurality of elongated refractory bodies are lam- 
inated together by placing the bodies in close adja- 
cency, exposing the adjacent bodies to a plasma 
torch heat source, and moving the bodies longitudinal 
past the torch at a nonzero average rate which in- 
cludes a reciprocating (e.g., oscillatory) component 
to longitudinally spread the zone of heating. Where 
the bodies are a rod to be laminated within a hollow 
tube, it is advantageous to reduce the air pressure be- 
tween the rod and tube, thereby eliminating potential 
contaminants and, at the same time, biasing the tube 



to collapse against the rod. This method is particular- 
ly useful in laminating overcladding tubes to core rods 
to form optical fiber preforms. 

5 Brief Description of the Drawings 

In the drawings: 

FIG. 1 is a block diagram illustrating a method for 
laminating elongated refactory bodies; 
10 FIG. 2 is a schematic view of preferred apparatus 

for practicing the method of FIG. 1 in the lamina- 
tion of optical fiber preforms; and 
FIG. 3 is a detailed cross section of the end 
mounting portion of the apparatus of FIG. 2. 

15 

Detailed Description 

Referring to the drawings, FIG. 1 is a flow dia- 
gram showing the process steps used to laminate a 
20 pair of elongated refractory bodies. The first step 
shown in block A is to put the two bodies in close ad- 
jacency. When the two bodies are a rod to be lamin- 
ated within a hollow tube, the rod can be inserted 
within the tube. 
25 The next step shown in block B of FIG. 1 is to pro- 

vide a force biasing the adjacent bodies toward one 
another. In the rod/tube example, this can be accom- 
plished by partially evacuating the tube so that there 
is ambient pressure on the tube pushing radially in- 
30 ward. Where one of the bodies is an outer tube, the 
biasing force can arise as a consequence of heating 
the tube to its softening temperature. The tendency 
of the softened material to minimize surface tension 
will shrink the periphery of the softened region. 

The third step shown in block C is to expose the 
assembly to a plasma torch and, at the same time, to 
move the assembly and the torch relative to one an- 
other in such a fashion that: 1) the assembly and the 
torch have a non-zero average longitudinal speed, 
and 2) the assembly and the torch have a reciprocat- 
ing motion superimposed on the overall longitudinal 
motion for extending the longitudinal region heated by 
the torch. Thus as the torch moves longitudinally 
along the assembly it also moves back and forth in a 
shorter amplitude to extend the region of heating. In 
the case of a tube/rod assembly, the tube preferably 
rotates so that all sides of the longitudinal region are 
heated. Advantageously the heating is commenced at 
the end of the tube remote from the vacuum pump. 

The effect of this process is to heat to a softened 
state the longitudinal portion of the assembly within 
the amplitude of the reciprocal motion. In the tube/rod 
example, the pressure differential collapses the heat 
softened tube against the rod within thereby laminat- 
ing the two bodies. The lamination process preferably 
starts at the remote end of the assembly and pro- 
gresses to the end connected to the vacuum pump. 
It should be understood that an overpressure ex- 
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terior to the tube could be substituted for evacuation 
and that a similar process omitting the evacuation 
step could be used in laminating elongated refractory 
bodies of different shape, e.g. laminating two strips. 
Moreover if a second hollow tube is substituted for a 
solid rod, the center of the interior tube could be pres- 
surized rather than evacuating the exterior tube. 

FIG. 2 schematically illustrates apparatus useful 
in practicing the method of FIG. 1 wherein an elongat- 
ed assembly 20, such as a cladding tube, core rod as- 
sembly, is shown mounted on a controllable speed 
lathe 21 . The apparatus is similar to that described in 
United States Patent No. 5,221 ,306 which is incorpo- 
rated herein by reference. Preferably the lathe is ori- 
ented vertically so that the supported ends will not be 
subjected to substantial torque and the assembly 20 
will not sag upon heating. The lateral surface of as- 
sembly 20 is exposed to the plasma fireball 12 of a 
plasma torch 10 such as that described in detail in 
United States Patent No. 5,000,771 , which is incorpo- 
rated herein by reference. 

The plasma torch 10 is mounted on a three axis 
positioning stage 30 based on the same bed (not 
shown) as lathe 21 so that the torch position can be 
precisely controlled during operation. Acomputer(not 
shown) is provided to coordinate and control the ro- 
tation of body 20 via lathe 21 and the movement of the 
torch 10 via positioning stage 30. The computer con- 
trols the rotational speed of the body 20 about the Z- 
axis and the speed of the torch 10 along the Z-axis. 

In the lamination of preforms, lathe 21 is prefer- 
ably a glass lathe having simultaneously rotating 
chucks at both ends of body 20, such as a Litton Glass 
Lathe marketed by Litton Engineering Co. Step mo- 
tors (not shown) are provided to drive the three axes 
of the positioning stage 30 controlling the location 
and traverse speed of torch 10. 

The bottom chuck is preferably modified as 
shown in FIG. 3 so that the interior of cladding tube 
20A below rod 20B can be partially evacuated. In es- 
sence, a reduced diameter portion of the cladding 
tube, termed the "handle" 20C, extends through a 
central opening in the chuck 31 and tailstock 32 so 
that the handle rests on and seals with a gasket 33. 
A concentric channel extends via a rotary seal 34 to 
the open center of the gasket 33, thereby placing the 
interior of tube 20A in communication with a vacuum 
pump (not shown). In exemplary operation, core rod 
20B is inserted in a cladding tube 20A and mounted 
onto the apparatus of FIG. 3. The vacuum pump is ac- 
tivated to pump down the pressure in the tube to 25 
in. of water. The tube is rotated at 30-35 rpm, and the 
torch is positioned at the top of the tube about 5-10 
mm from the tube. The torch is moved longitudinally 
down the tube at 2-5 cm/min. with a superimposed re- 
ciprocal motion having frequency of 0.5-5 cps (prefer- 
ably 1 cps) and an amplitude of 5-10 cm in the long- 
itudinal direction. 



The result of this process is that the cladding col- 
lapses onto the inner rod as the torch moves down the 
tube. The advantages of the process over the prior 
oxyhydrogen torch process are threefold: 1) the plas- 

5 ma torch does not introduce impurities into the clad- 
ding; 2) the longitudinal temperature profile is now 
subject to control by control by frequency and ampli- 
tude of torch oscillations; and 3) the lamination of 
tube or rod using the plasma torch is about twice as 

10 fast as an oxyhydrogen torch. 



Claims 

15 1. A method for laminating together a plurality of 
elongated bodies of refractory material compris- 
ing the steps of: 

placing said plurality of bodies adjacent 
one another; 

20 applying force for biasing said bodies to- 

gether; and 

exposing said bodies to a plasma torch 
heat source moving longitudinally in relation to 
said bodies at a non-zero average rate which in- 

25 eludes a reciprocating component of longitudinal 

motion. 

2. A method of claim 1 wherein said plurality of elon- 
gated bodies comprises an outer hollow tube and 

30 a body disposed within said tube. 

3. The method of claim 2 wherein said force for bias- 
ing said bodies together is pressure for forcing 
said outer tube radially inward. 

35 

4. The method of claim 1 wherein: 

said plurality of bodies comprise a hollow 
tube and a rod; and 

said bodies are placed adjacent one an- 
40 other by placing said rod within said tube. 

5. The method of claim 4 wherein said force for bias- 
ing said bodies together is applied by at least par- 
tially evacuating the interior of said hollow tube. 

45 

6. The method of claim 4 wherein said hollow tube 
and said rod comprise silica glass. 

7. An optical fiber preform made by the method of 
so claim 4. 

8. An optical fiber preform made by the method of 
claim 5. 

55 9. An optical fiber preform made by the method of 
claim 6. 

1 0. The method of claim 5 further comprising the pre- 
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liminary steps of: 

forming said rod of glass including a cen- 
tral region of composition for the core region of an 
optical fiber; and 

forming said hollow tube of glass of com- 
position for the cladding region of an optical fiber. 
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FIG. 1 

PLACE BODIES ADJACENT TO ONE ANOTHER 



FORCE BODIES T OWARD EACH OTHER 



EXPOSE BODIES TO PLASMA TORCH, MOVING 
WITH AVERAGE SPEED AND SUPERIMPOSED 
RECIPROCATING MOTION 



FIG. 




TO VACUUM PUMP 
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